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Abstract 



PROBLEM TO BE SOLVED: To provide a drying technique, which drys a wafer economically in a short time 
in a single-wafer cleaning process, and moreover, produces no watermarks and has a high drying power. 
SOLUTION: A method for drying a wafer is provided with a process, wherein in the case where a cleaning 
liquid A remaining on a wafer W subjected to wet cleaning is replaced with a replacing medium solution B 
and a drying treatment of the wafer W is performed, the wafer W is slanted by a prescribed angle &theta 
prior to the feed of the medium solution B to make the liquid A remaining on this wafer W flow down, and, a 
process for feeding the solution B on this wafer W after that. That is, the wafer W on a carrying path, for 
example, is slanted by ascending a slant imparting unit 5 and thereafter, the solution B is fed from a 
replacing medium feeding unit 3 and a drying treatment of the wafer W is performed by air knives 41 or the 
like.. 
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Summary. 



(57) [Abstract] 

[Technical problem] In the washing process of single wafer processing, a wafer can be 
dried economically in a short time, and the dryness technology of having the high 
dryness capacity which can moreover fully suppress generating of a watermark is 
offered. 

[Means for Solution] When substitution medium liquid B replaces the penetrant 
remover A which remains on the wafer W by which wet washing was carried out and it 
performs dryness processing, only a predetermined angle theta makes a wafer W 
incline, the process which makes it flow down the penetrant remover A which remains 
on this wafer W allots in advance of supply of substitution medium liquid B, and it is 
characterized by to include the process which supplies substitution medium liquid B 
on this wafer W after that That is, after, making the wafer W on a conveyance path 
incline by elevation operation of inclination grant equipment 5 for example, 
substitution medium supply liquid B is supplied from the substitution medium feeder 3, 
and dryness processing is performed in air knife 41 grade. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The process which makes the penetrant remover and the aforementioned 
substitution medium liquid which are the dryness method of a substrate of performing 
predetermined dryness processing after substitution medium liquid replaces the 
penetrant remover which is characterized by providing the following, and which 
remains on the substrate by which wet washing was carried out, supply substitution 



medium liquid on the aforementioned substrate, and remain on this substrate front 
face replace. The process which makes it flow down the penetrant remover which the 
aforementioned substrate is made to incline and remains on this substrate. Th 
process which supplies substitution medium liquid on this substrate after that 
[Claim 2] The dryness method of the substrate according to claim 1 characterized by 
including the process which the aforementioned substrate is made to incline, supplies 
a penetrant remover on a substrate as a last process of a process of making it 
flowing down the aforementioned penetrant remover, and prevents dryness of this 
substrate. 

[Claim 3] The dryness method of the substrate according to claim 1 characterized by 
using the matter which has the aforementioned penetrant remover and compatibility 
as the aforementioned substitution medium liquid. 

[Claim 4] The dryness method of the substrate any one publication of a claim 1 to the 
claim 3 characterized by including the process which sprays a gas on the 
aforementioned substrate as the aforementioned dryness processing, and removes 
the substitution medium liquid on this substrate after the process which supplies the 
aforementioned substitution medium liquid. 

[Claim 5] The dryness method of the substrate any one publication of a claim 1 to the 
claim 3 characterized by including the process which is made to carry out high-speed 
rotation of the aforementioned substrate as the aforementioned dryness processing, 
and removes the substitution medium liquid on this substrate after the process which 
supplies the aforementioned substitution medium liquid. 

[Claim 6] The dryer of a substrate characterized by providing the following. The 
transport device which conveys the substrate which finished the wet washing process. 
Inclination grant equipment which gives an inclination to a substrate on the 
conveyance path of the aforementioned transport device. The substitution medium 
liquid feeder which supplies substitution medium liquid to the substrate to which the 
inclination was given with the aforementioned inclination grant equipment. Gas- 
injection equipment which makes a gas blow off to the substrate to which substitution 
medium liquid was supplied by the aforementioned substitution medium liquid feeder 
[Claim 7] The dryer of the substrate according to claim 6 characterized by preparing 
the penetrant remover feeder which supplies a penetrant remover to a substrate in 
the upstream of the aforementioned conveyance path. 

[Claim 8] The dryer which carries out high-speed rotation of the substrate which 
finished the wet washing process characterized by providing the following, and dries it. 
The substrate maintenance table which holds the aforementioned substrate at least. 
The penetrant remover feeder which supplies a penetrant remover to the substrate 
held on this substrate maintenance table. The substitution medium liquid feeder which 
supplies substitution medium liquid to the substrate held on the aforementioned 
substrate maintenance table. The rotation driving gear which carries out high-speed 
rotation of the aforementioned substrate maintenance table, and inclination grant 



equipment which gives an inclination to the substrate held at the aforementioned 
substrate maintenance table. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the dryness 
technology of a substrate of supplying substitution medium liquid to the substrate 
which finished the wet washing process in the detail, and performing dryness 
processing, further about the dryness method of a substrate, and a dryer. 
[0002] 

[Description of the Prior Art] In multilayered-film processing manufacture processes, 
such as a semiconductor integrated circuit and a liquid crystal display Since the 
minute foreign matter adhering to the substrate (a wafer is called below) causes a 
defect of a product Since it is used as a medium with common in a manufacturing 
process adding a washing process, and the indispensable pure water as a penetrant 
remover at this washing process, The process which dries precisely the wafer which 
was damp in the penetrant remover is very important, and it has been the index of 
drying-property ability at such a precise dryness process whether it can usually dry. 
without which leaving **** (watermark) by poor dryness. 

[0003] By the way, the equipment which washes a wafer has the thing of a batch type, 
and the thing of single wafer processing, especially, generally the spin dryness method 
and the air knife dryness method are conventionally learned as the dryness method in 
the washing station of single wafer processing. 

[0004] A spin dryness method carries out high-speed rotation of the wafer, and the 
method which blows away the penetrant remover on a wafer (for example, pure water), 
sprays inert gas and clean air on a wafer front face recently in addition to the above- 
mentioned high-speed rotation, and aims at promotion of dryness with the centrifugal 



force by rotation is adopted suitably. Moreover, an air knife dryness method arranges 
a nozzle in the position which puts the wafer conveyed horizontally from the upper 
and lower sides, and blows away the penetrant remover on the above-mentioned 
wafer by iryecting gases pressurized from this nozzle, such as inert gas and clean air. 
[0005] 

[Problem(s) to be Solved by the Invention] However, there are the following problems 
by such dryness method. That is, according to such a dryness method, since the 
penetrant remover on a wafer is blown away at high speed, the blown-away penetrant 
remover becomes Myst-like (thin fog), drifts and carries out the reattachment of the 
inside of atmosphere to a wafer. Thus, it becomes spherical and the penetrant 
remover which carried out the reattachment becomes the cause of producing the 
shape of a film, and the watermark remained and mentioned above on the wafer. 
"[0006] Recently, the solvent (substitution medium liquid) which has hydrophilic 
properties, such as isopropyl alcohol (Following IPA is called), is supplied on a wafer in 
advance of this dryness process about this point Although making substitution 
medium liquid replace the moisture which remains on a wafer beforehand, and 
performing dryness processing of the above-mentioned spin dryness etc. is proposed 
In this case, if the time interval by supply of substitution medium liquid is vacant too 
much from a washing process, the water on a wafer cannot be half-dry by the air 
drying, and sufficient drying-property ability cannot be obtained. If it continued at a 
washing process and substitution medium liquid was supplied immediately on the other 
hand, since the moisture which remains on a wafer front face would increase, it took 
and became abundant, and substitution medium liquid required for substitution also 
had the good problem that time required for dryness processing also increased, while 
it was uneconomical. 

[0007] this invention is made in view of this conventional problem, and in the washing 
process in such a sheet, the place made into the purpose can perform dryness 
processing economically in a short time, and aims at offering the dryness technology 
of having the high dryness capacity which can moreover fully suppress generating of a 
watermark. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
dryness method of the wafer of this invention It is the dryness method of a wafer of 
performing predetermined dryness processing after substitution medium liquid 
replaces the penetrant remover which remains on the wafer by which wet washing 
was carried out. In the process which makes the penetrant remover and the above- 
mentioned substitution medium liquid which supply substitution medium liquid on the, 
above-mentioned wafer, and remain on this wafer front face replace It is 
characterized by including the process which makes it flow down the penetrant 
remover which the above-mentioned wafer is made to incline and remains on this 
wafer, and the process which supplies substitution medium liquid on this wafer after 



that. 

[0009] That is, since make it flow down the moisture which adheres to a wafer front 
face and remains at a washing process etc. by including the process which will make a 
wafer once incline in this invention by the time it results [ from a washing process ] in 
supply of substitution medium liquid, it is made to decrease and the supply process of 
substitution medium liquid is allotted after that, the amount of substitution medium 
liquid required for the substitution of the penetrant remover on a wafer can be 
stopped fewer than before. And time for this to be needed for dryness of a wafer in 
the continuing dryness processing can also be shortened compared with the 
conventional thing. 

[0010] And suitably, in order to prevent the air drying of a wafer before the process 
which makes it flow down the above-mentioned penetrant remover, this invention 
makes the above-mentioned substrate incline, supplies a penetrant remover on a 
substrate, and it includes the process which prevents dryness of this wafer, that is, 
fall removal of most penetrant removers supplied on the wafer as an effect by the 
inclination is carried out from a wafer in a short time for about several seconds by 
supplying the penetrant remover supplied for air-drying prevention in the state where 
the wafer was made to incline 

[001 1] Furthermore, when the matter with which this invention has the above- 
mentioned penetrant remover and compatibility as the above-mentioned substitution 
medium liquid suitably, for example, a penetrant remover, is pure water, the matter 
which has the hydrophilic property of IPA etc. is used. That is, if the substitution 
medium liquid which dissolves in water, such as IPA, is supplied on the wafer which 
was damp with the pure water which is a penetrant remover, water will dissolve in 
substitution medium liquid and will be replaced by it. For this reason, water can 
suppress the shape of a film, and generating of i.e., a watermark, such as a 
deposit of the silica in pure water and a deposit of the resultant of Si on a wafer 
(silicon) and pure water, since it becomes spherical, and it dries, without remaining 
from the front face of a wafer. 

[0012] Moreover, in this invention, after the process supply the above-mentioned 
substitution medium liquid, the process spray a gas to the above-mentioned wafer as 
the above-mentioned dryness processing, and remove the substitution medium liquid 
on this wafer is performed, or the process carry out high-speed rotation of the 
above-mentioned wafer as the above-mentioned dryness processing, and remove the 
substitution medium liquid on this wafer is performed, and removal of the substitution 
medium liquid on a wafer is performed. 
[0013] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is 
explained in detail based on a drawing. 

[0014] The dryer of the substrate concerning operation gestalt 1 this invention is 
shown in drawing 1 . This dryer processes Wafers W and W and one — at a time, and 



is drawing 1 (a) (single wafer processing). So that it may be shown The transport 
device 1 which conveys Wafer W at a process (outlet side in drawing) after dryness 
from the last process (entrance side in drawing) of dryness. The penetrant remover 
feeder 2 which supplies the penetrant removers A. such as pure water, to the wafer W 
conveyed from the process before the above, The substitution medium liquid feeder 3 
which supplies substitution medium liquid B to Wafer W in advance of dryness 
processing, the gasHnjection equipment 4 from which gases, such as clean air, are 
injected in the substitution medium liquid B on Wafer W, and this is removed (dryness 
processing), and drawing 1 (b) So that it may be shown It comes to have the 
inclination grant equipment 5 which makes the wafer W conveyed by the above- 
mentioned transport device 1 incline, and the control unit 6 which controls operation 
of the whole dryer including these operation. 

[0015] A transport device 1 consists of two or more rotation rollers 11 and 11 and a - 
roller conveyance mechanism equipped with — concrete first, more — a detail — 
drawing 1 (b) rotation of the couple which this rotation roller 1 1 counters, 
respectively so that it may be shown — it constitutes from members 1 2a and 1 2b — 
having — this rotation — the level differences 12c and 12c for laying Wafer W 
counter the inner sense, and are formed in Members 12a and 12b That is, the wafer W 
laid on the rotation roller 1 1 is conveyed in the state where it was held at the hollow 
portion formed of these level differences 12c and 12c. And by driving with these 
rollers 1 1 and 1 1 and the rotation drive which — does not illustrate, it is conveyed 
toward an outlet side in the state of an inclination from the above-mentioned 
entrance side so that the conveyance path top to which the wafer W laid on this 
rotation roller 1 1 was set may be mentioned later. 

[0016] That is, inclination grant equipment 5 is arranged at the lower part of this 
transport device 1 (refer to drawing 1 (b)). This inclination grant equipment 5 is 
drawing 1 (b). The wafer W conveyed by the above-mentioned transport device 1 is 
made to incline, and the inclination is given to Wafer W by raising slightly either the 
right shoulder of the wafer W which the above-mentioned conveyance path top is 
conveyed and moves forward, or a left shoulder so that it .may be shown, rotation of 
the couple in which this inclination grant equipment 5 specifically constitutes the 
above-mentioned rotation roller 1 1 from this operation gestalt — ah inclination is 
given to the conveyance path itself and Wafer W is made to incline by raising one 
Membera [ 12 ] and 12b side (the example of illustration the 12b side) 
[0017] And in the best style side of this conveyance path, it is drawing 1 (a). The 
penetrant remover feeder 2 is arranged so that it may be shown, an inclination is 
given by the above-mentioned inclination grant equipment 5, and a penetrant remover 
is supplied to the wafer W conveyed from the washing process as a front [ above ] 
process. This penetrant remover feeder 2 specifically consists of spray nozzles which 
inject a penetrant remover A, and the penetrant remover A supplied from the 
penetrant remover source of supply outside drawing is iryected on Wafer W through 



this spray nozzle. 

[0018] If processing immersed in the washing tub (not shown) with which the 
penetrant remover A injected here is a penetrant remover of the same kind as the 
penetrant remover used at the washing process (wet washing) as a last process, for 
example, pure water was filled as a last process in Wafer W is performed, pure water 
will be injected also here. In addition, following on the washing process, the penetrant 
remover A was again injected here for the wafer W which has a conveyance path top 
conveyed preventing being in the middle of conveyance and air-drying. 
[0019] And in this invention, in case the penetrant remover A for this dryness 
prevention is supplied, the fixed degree theta of tilt angle is given to Wafer W. 
Therefore, the penetrant remover A supplied on Wafer W from the above-mentioned 
penetrant remover feeder 2 flows down caudad with this degree theta of tilt angle 
suitably. Therefore, most penetrant removers A which were supplied to Wafer W and 
used for dryness prevention of the front face of Wafer W flow and fall out of Wafer W 
by this inclination in a short time for about several seconds (if Wafer W is 8 inches of 
diameters and it is the thing of 1 or less second and 550mm width of face, it is about 
1 - 2 seconds). That is, in case a penetrant remover A is supplied, the amount of the 
penetrant remover A which remains on Wafer W can be lessened by giving the 
inclination to Wafer W in a short time. Thereby, in this invention, the amount of supply 
of the substitution medium liquid B by the substitution medium liquid feeder 3 
mentioned later can be lessened. In addition, it is also possible to lessen the amount 
of supply of the penetrant remover A to be used by accompanying this and supplying 
a penetrant remover A to the front face of Wafer W efficiently using the inclination 
given to this wafer W. 

[0020] By the way, although suitably set up in range that the degree theta of tilt angle 
of this wafer W is required to attain the above-mentioned purpose, and sufficient, with 
this operation gestalt, this degree theta of tilt angle is made into 5 degrees or about 6 
degrees. That is, since the applicant for this patent actually measured the relation 
between the degree theta of tilt angle of Wafer W. and ****** of Wafer W in the setup 
of this angle, the result is shown in drawing 2 (a). 

[0021] This drawing 2 (a) When the above-mentioned glass plate is made to incline 
while using a glass plate (substitute of Wafer W) then square to an examination 
instead of the above-mentioned ****** being shown, the relation of the width of face 
(******L) of the pure water which appeared in the soffit section of the glass plate 
concerned is shown (refer to drawing 2 (b)). This drawing 2 (a) Even if it enlarges the 
degree theta of tilt angle so that clearly [ a shell ], above a fixed angle (near 5 degree), 
****** L hardly changes. That is, if the angle of a glass plate is enlarged while the 
moisture on a glass plate will gather to the soffit section of a glass plate, if a glass 
plate is made to incline, it will be dropped from a glass plate. And if the degree theta 
of tilt angle becomes 5 degrees or more, most moisture which falls as a drop will be 
lost and the state will be mostly riiaintained by the back. Therefore, since the effect 



as moisture removal excessive as 5 degrees or more cannot desire the degree of tilt 
angle so much, with this operation gestalt. the degree theta of tilt angle is set up as 
above-mentioned. 

[0022] And the substitution mediurh liquid feeder 3 is arranged at the downstream of 
this penetrant remover feeder 2 (refer to drawing 1 (b)). This substitution medium 
liquid feeder 3 is equipment which supplies substitution medium liquid B to the wafer 
W from which the unnecessary penetrant remover A was removed by giving an 
inclination by the above-mentioned inclination grant equipment 5. it consists of spray 
nozzles 31 which inject substitution medium liquid like the above-mentioned 
penetrant-remover feeder 2. and the substitution medium liquid B supplied from the 
penetrant-remover source of supply outside drawing is injected on a wafer W through 
the above-mentioned spray nozzle 31. 

[0023] More specifically, it is drawing 1 (b). Let this spray nozzle 31 be Wafer W and a^ 
nozzle with this almost long and islender width of face so that substitution medium 
liquid B can be injected to the whole surface of Wafer W so that it may be shown. And 
supply of the substitution medium liquid B by this spray nozzle 31 is drawing 1 (b). It 
is desirable to be carried out where an inclination is given to Wafer W so that it may 
be shown. 

[0024] That is, in this invention, since the inclination is given to the conveyance path 
itself by the above-mentioned inclination grant equipment 5, while making it flow down 
the excesisive penetrant remover A on Wafer W by this inclination. Wafer W is 
conveyed to a spray nozzle 31 with the state (that is, have maintained the inclination), 
and substitution medium liquid B is supplied there. That is, by carrying out like this, it 
can be made to be able to flow down excessive substitution medium liquid B like a 
penetrant remover A, and the further shortening of time required for dryness can be 
expected. 

[0025] And when the matter which dissolves in the above-mentioned penetrant 
remover, for example, a penetrant remover, is pure water as substitution medium 
liquid B injected from this spray nozzle 31, IPA which has a hydrophilic property is 
used suitably. Therefore, if this substitution medium liquid B is supplied, this 
substitution medium liquid (IPA) dissolves in the penetrant remover (pure water) 
which remains on Wafer W. a penetrant remover will be replaced by substitution 
medium liquid, and dryness processing which continues in this state will be performed. 
In addition, if the solubility of a penetrant remover A and substitution medium liquid B 
runs short, since both dissociate and substitution cannot be expected as substitution 
medium liquid B, it is like IPA that it is what is fully dissolved in a penetrant remover 
A desirable [ as opposed to / desirable / the pure water mentioned above is ]. 
[0026] And gasHnjection equipment 4 is arranged at the downstream of this 
substitution medium liquid feeder 3. As this gas-injection equipment 4, the well-known 
air knife 41 is suitably used from before. That is, removal of the penetrant remover 
replaced by substitution medium liquid by the above-mentioned substitution medium 



liquid feeder 3 is performed by the rate of flow of gases, such as clean air which 
blows off from this air knife 41. 

[0027] A deer is carried out, and in the dryer of this invention, since an inclination is 
given to Wafer W, the excessive penetrant remover A is removed in supplying 
substitution medium liquid B to Wafer W in this way and the moisture on Wafer W 
decreases while the amount of the substitution medium liquid B used can be stopped 
few compared with the former, the bearer rate at the time of dryness processing is 
made early conventionally. 

[0028] About this point, the result to which the applicant for this patent actually 
carried out dryness processing with the dryer of this invention is shown in the 
following Table 1 and 2. In addition, if in charge of this experiment, it is drawing 3 (a). 
Six 8 inch wafers W were put on the pallet P of 550x650 size (refer to drawing 3 (b)), 
it was immersed for f minute into~0.5% of HF (fluoric acid) solution in this state, and 
what **********ed and carried out dryness processing of the oxide film on Wafer W 
with this dryer was used so that it might be shown. Moreover, if in charge of detection 
of a watermark, each wafer W was observed except for 1 0mm of wafer edges under 
the microscope of one 100 times the scale factor of this. Moreover, Table 1 shows 
the case where dryness processing is performed in the state where an inclination is 
not given, in the dryer concerning this operation gestalt. not using inclination grant 
equipment 5. and Table 2 shows the state where the inclination was given. 
[0029] 



[Table 1] 


No 








1 




2 Omm/|J> 


15-3 0 


2 




2 0 mm/tp 


0~ 3 


3 


*»? 


3 Omm/8' 


5~ 1 0 



[0030] However, in Table 1 , it is the case where 1 .000 cc of IPA is used for the pallet 

P of 550x660 size, as substitution medium liquid. 

[0031] 

:Table2] 



No 








1 




2 Omm/iP 


0- 5 


2 


*») 


4 0 mm/& 


0- 3 


3 




6 Omm/& 


4-9 



[0032] However, in Table 2, it is the case where 100 cc of IPA is used for the pallet P 
of 550x650 size, as substitution medium liquid. 

[0033] Although it is clear that reduction in a watermark can be first aimed at by 
using substitution medium liquid B on the occasion of dryness processing so that he 



can understand also from this Table 1 and 2 (refer to Table 1) When an inclination is 
given to Wafer W, using substitution medium liquid B Although the amount of the 
substitution medium liquid B used was 1/10, the conventional case of 20mm/second 
also as 40mm/second and the result not changing were obtained in the bearer rate, 
and also (Table 2) the result which hardly changes a bearer rate in 30 
conventionalmm/[ a second and ] also as 60mm/second was able to be obtained. 
[0034] That is. according to the dryer of this operation gestalt, compared with the 
former, the amount of the substitution medium liquid B used is 1/10, and, moreover, 
can dry in a twice [ about ] as many bearer rate as this. In addition, in this experiment, 
although it supplied with the degree of room temperature, if IPA raises temperature 
and an IPA steam is sprayed, since surface tension declines, it can cut down the 
amount of IPA used further. Moreover, in the case of the amount of the same [ used ], 
drying-property ability can be raised in a high-speed bearer rate. Therefore, according 
to invention of this operation gestalt 1 , economically, dryness processing can be 
performed and, moreover, generating of a watermark can also be suppressed in a 
short time lower than before. 

[0035] The 2nd operation gestalt of this invention is explained to the secondary 
operation gestalt based on drawing 4 . 

[0036] This operation gestalt is what adopted the spin dryness method as dryness 
processing, and except that penetrant remover feeder 2\ substitution medium liquid 
feeder 3', and inclination grant equipment 5' are added, it is the same as that of the 
conventional spin dryer. [ of other fundamental composition ] 

[0037] That is. this dryer is constituted considering the table (substrate maintenance 
table) 7 holding Wafer W, and the axis of rotation 9 which connects the rotation 
driving gear 8 for rotating this table 7, and these as the principal part. The chuck 71 
which grasps Wafer W is formed in a table 7, and Wafer W is held on the above- 
mentioned table 7 by this chuck 71. In addition, since the penetrant remover on Wafer 
W etc. disperses when a table 7 rotates 10 in drawing 4 , casing for scattering 
prevention is shown. 

[0038] moreover — while attending the above-mentioned table 7 and preparing 
penetrant remover feeder 2' near the upper limit of the above-mentioned casing 10 in 
this operation gestalt — above-mentioned substitution medium liquid feeder 3' — 
opening 10a of the upper-limit section of the above-mentioned casing 10 — receiving 
— a|c3|c3|»ic9|c:lc QN — being possible (referring to drawing 4 arrow mark (A)) — it is 
prepared 

[0039] A deer is carried out, a dryer operates as follows in this operation gestalt, and 
dryness processing of Wafer W is performed. First, the wafer W conveyed from the 
last process by the transport device outside drawing is held on a table 7 (refer to 
drawing 4 (a)). Next, inclination grant equipment 5' is operated and an inclination is 
given to Wafer W (refer to the arrow mark of drawing 4 (b) (B)). Although it consists of 
examples of illustration here so that it may face giving an inclination to Wafer W and 



all the upper parts may incline from the above-mentioned rotation driving gear 8, if a 
table 7 or Wafer W is made to incline, of course, it is also possible to adopt other 
composition. Moreover. 5 degrees or 6 degrees are suitable for the degree theta of tilt 
angle in this case like the above-mentioned operation gestalt 1 . 
[0040] And a penetrant remover A is injected by Wafer W from above-mentioned 
penetrant remover feeder 2\ rotating the above-mentioned table 7 in this state at a 
low speed. This is for preventing the air drying of a wafer W front face like the above- 
mentioned operation gestalt 1. In addition, in this state, above-mentioned substitution 
medium liquid feeder 3' is made into a ON state, and a spray nozzle 31 is made 
into the state where it evacuated to the outside of the above-mentioned casing 10. 
[0041] Thus, an inclination is given to Wafer W, if the penetrant remover A which 
remains on Wafer W at a last process flows down, it will be made to march out to the 
position which above-mentioned substitution medium liquid feeder 3' faces opening ^ .. , 
10a of casing 10 continuously (refer to the arrow mark of drawing 4 (b) (A)), and 
substitution medium liquid B will be injected by Wafer W in this state. A table 7 is 
made to carry out low-speed rotation like the time of injection of the above- 
mentioned penetrant remover A jn that case. 

[0042] And although high-speed rotation of the table 7 is carried out as dryness 
processing next, after setting the interval of about several seconds from injection of 
substitution medium liquid B, it consists of these operation gestalten so that it may 
shift to high-speed rotation. Namely, if it shifts to high-speed rotation immediately 
after injecting substitution medium liquid B Since there is fear of increase of the time 
which the reattachment of the substitution medium liquid B separated from Wafer W 
increases, and dryness takes as a result, and the particle in substitution medium liquid 
B adhering With this operation gestalt. in order to prevent this, the rotational 
frequency of the same grade as the time of ir\jecting substitution medium liquid B is 
maintained for several seconds. 

[0043] And after maintaining such low-speed rotation for several seconds, it is made 
to shift to high-speed rotation of about 3,000 rpm like the usual dryness processing, 
and removal is performed from a wafer W front face using the centrifugal force 
according the substitution medium liquid (substitution object from a penetrant 
remover) which remains on the front face of Wafer W to rotation. In addition, after 
carrying out high-speed rotation, above-mentioned inclination grant equipment 5' is 
returned in the original position, and, of course, a table 7 is returned to a level state. 
[0044] Thus, it sets in this 2nd operation gestalt. Since supply of substitution medium 
liquid B is further performed after supply of a penetrant remover A and removal of the 
excessive penetrant remover A toward which Wafer W inclines [ make ] following this 
are performed to Wafer W on the occasion of spin dryness While dryness of the wafer 
W front face accompanying the transfer from a last process can be prevented, 
compared with the former, the amount of the substitution medium liquid B used can 
be stopped few. And generating of a watermark can be conventionally suppressed few 



like the above-mentioned operation gestalt also in this case. 

[0045] That is, since the applicant for this patent actually performed dryness 

processing with the dryer of this operation gestalt also with this point, the result is 

shown in the following Table 3 and 4. In addition, also in this experiment, the wafer W 

after dryness processing was observed except for 10mm of wafer edges in detection 

of a watermark under the microscope of one 100 times the scale factor of this. 

[0046] 



[Tables] 


No 








8'9xn ±(0^-91-9 0« 


1 






3 . 0 0 0 r p m . 


5~1 5 


2 






3, 0 0 0 r pm 


0~ 5 


3 


*») 


S3 


- 3 , 0- 0- 0- r p-m . 


.0_~ . 5_ , 



[0047] However, in Table 3, it is the case where 100 cc of IPA is used as substitution 

medium liquid. 

[0048] 



[Table 4] 
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[0049] However, in Table 4. it is the case where five cc of IPA is used as substitution 
medium liquid. 

[0050] Although it is clear that reduction in a watermark can be first aimed at by 
using substitution medium liquid B on the occasion of dryness processing so that he 
can understand also from this Table 3 and 4 (Table 3No. 1 and No.2 reference) When 
an inclination was given to Wafer W, using substitution medium liquid B, the result of 
curtailment of the amount of the substitution medium liquid used was able to be 
obtained from the conventional thing like the case of (Table 4No.1 Reference) and the 
above-mentioned operation gestalt 1. 

[0051] In addition, the operation gestalt mentioned above shows the suitable 
embodiment of this invention to the last, and design changes various by within the 
limits of it are possible for this invention, without being limited to this. An example of 
the example of an alteration is shown below. 

[0052] namely, — for example, rotation of the couple in which inclination grant 
equipment 5 constitutes the rotation roller 11 from an above-mentioned operation 
gestalt 1 — although the inclination had been given to Wafer W by raising one 
Membera [ 12 ] and 12b side, it is also possible for it not to be necessary to make the 
rotation roller 1 1 incline, if it is the composition that an inclination is given to the 
wafer W itself in this invention, and to be based on other composition 
[0053] Moreover, with the above-mentioned operation gestalt, it considered as 5 



degrees or 6 degrees about the degree theta of tilt angle at the time of giving an 
inclination, and if the penetrant remover A on Wafer W is removable, it is also possible 
to set it as other angles. 

[0054] Furthermore, although the above-mentioned operation gestalt explained the 
case where IPA was mainly used, as substitution medium liquid B, if used as a medium 
which promotes removal of a penetrant remover A in a dryness process, it is also 
possible to use other media. 

[0055] Moreover, although substitution medium liquid feeder 3' adopted the 
composition which injects substitution medium liquid B with the above-mentioned 
operation gestalt 2, it is also possible to adopt the composition which trickles 
substitution medium liquid B, for example using a "fiume''Hike thing, and it is possible 
by doing so to lessen more the amount of the substitution medium liquid B used. 
[0056] Furthermore, in the above-mentioned "operation gestalten 1 and 2, although the 
penetrant remover A was supplied from the penetrant remover feeder 2 and 2' for 
dryness prevention of Wafer W, it is possible to also make a washing process perform 
simultaneously using this penetrant remover feeder 2 and 2\ 
[0057] 

[Effect of the Invention] Since the process which makes a wafer once incline is 
included according to the dryness method of the substrate of this invention before 
supplying substitution medium liquid to a wafer as explained in full detail above, it can 
be made to decrease by making a wafer front face flow down the moisture which 
carries out adhesion remains out of a wafer at this process according to the washing 
process used as a last process etc. And since supply of substitution medium liquid is 
performed in this state, the amount of substitution medium liquid required for the 
substitution of the penetrant remover on a wafer can be stopped fewer than the thing 
of the conventional level state. 

[0058] And since dryness processing is performed after decreasing the penetrant 
remover on a wafer, the time concerning this dryness processing can be shortened 
and time required for a dryness process can be shortened from before. Moreover, 
since dryness processing is performed after supplying substitution medium liquid to 
the penetrant remover which remains on a wafer and replacing a penetrant remover, 
generating of the watermark after dryness processing can be suppressed few. and 
improvement in drying-property ability can also be aimed at. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram of the dryer of the substrate which is 1 
operation gestalt concerning this invention is shown, and drawing 1 (a) is the outline 
cross section which met in the processing direction of this dryer, and it is drawing 1 
(b). Drawing 1 at the time of operating inclination grant equipment and giving an 
inclination to a substrate (a) The cross section which met the H line is shown. 
[Drawing 2] The relation between the degree of tilt angle of a wafer and ****** is 
shown, and it is drawing 2 (a). It is drawing showing the survey result at the time of 
actually examining this relation using a glass plate, and is drawing 2 (b). It is 
explanatory drawing explaining the measuring method of ****** L shown by drawing 2 
(a). 

[Drawing 3] It is drawing 3 (a) about the pallet external view used for the experiment 
of the dryness processing by the dryer of the substrate concerning this invention. It is 
drawing 3 (b) about the cross section in which being shown and showing the 
maintenance state of the wafer by this pallet. It is shown. 

[Drawing 4] The outline block diagram of the dryer of the substrate which are other 
operation gestalten concerning this invention is shown, and it is drawing 4 (a). The 
state where an inclination is not given is shown in a wafer and it is drawing 4 (b). The 
state where the inclination was given is shown. 
[Description of Notations] 
W Wafer 

A Penetrant remover 

B Substitution medium liquid 

theta The degree of tilt angle 

1 Transport Device 
1 1 Rotation Roller 

2 2' Penetrant remover feeder 

3 3' Substitution medium liquid feeder 
31 Spray Nozzle 

4 Gas-Injection Equipment 
41 Air Knife 

5 5' Inclination grant equipment 

6 Control Unit 



7 Table (Substrate Maintenance Table) 

8 Rotation Driving Gear 

9 Axis of Rotation 

10 Casing 
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[Drawing 2] 
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'^mt^wm9b^iMUiLxm^-^tih, r-r 

/U7 Wi-^ X AWSrffli^-tl.f-A' -y ^' 7 1 *<iS(t^>ii. 
'^x-'NWJiCcOf-^ y ^ 7 1 {li ^T±feT-7'/P7± 

m,Lfzmz^::,^\vi±.(n>mw.mimmhffix. m 

mistcoti^ffilr-i^y'/^i^LX^^h, 
[00 38] znmm^\izii\ycii. ±fB^- 

i^yy 1 0 <7)±«#ie^c:±f^T-7';^7 tdfig/CT-at^iS 

»^S3' Ifil^^-i^y^ri o<o±ssa5<o^pai 0 

aliiA^LTJitfiiiAWSg (045ic?3=(A) ^) l,zWL»h 
tiX\<^h. 

[00391 Lt^Lx . zcrmmwiza^^xMmi^ 



(6) 
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i^/i'>x>'^w*ir-7'/^7±^^^fe^f$f^S (04(a) # 

mtfi^itytih (04(b) co^mi) im) : 

C 0 0 4 0 ] -e LT. c:o«®T'±iSx-7';^7 SrtSSI 

a. z(^mx'\i, mmimmmm.3' \mK 

[004 1] ZCOXoliZlX'^x^sWizmi^^x.h 

ix. mxmx'^xf^wnzm'SthmmAi3imTt& 

b. m^^xiMmmmmn^ss' **^r-s^y/i 

0<7)^Pa!l OalC|SgtffflSST'3iaj3-ii-4>il (04 

(b) <r>mw 0m) . z<7)mx'miSiimBi>i^3, 
^^wnzm^tih, ^mui. um^mAcomm 
kmiZT-y))^7i}im&mmitt^ixi. 
[0042] -etT, mz$tmmtiXT-f)i^7i 
^m3im^-^t<^x'hH}K ^^mmmx-amimm 
B(/)mii3^(i>mmm(nfsmm\-^x/}-i>^3SLmmz^ 

mLf^itm.*>^z■mmmmzw^tht. •^xVNWi^ii.^a- 



mi,zmmmm±''^mm.¥^m'i'(r)f'<-f i yt\, 

<n'mm:mmm'S:^x^^h . 

[0043] -eLt, ^<^^o^j:mmmmmm 

tfimi. aj»<0«6««Si: muziik Hi3. 0 0 0 

biimiX'hi>. 

[0044] ioiatrUT. r«m2<olU©Bilt:i5 

v^T(i:. :^\iymii,zmix . xJsmzm»mA(m 

^iifc^v^-Ox^^WS-ffigfSiirTtfO^^J-^r^Jf 

i^mhii^<^x\ mxm^^cr)mii>zti>^j:o^xJ^ 
yfm<o^mm±Tti-ijx\ ^tcit^as^* 

<^^i>±Bmmmmmiz^^i on^^— ^'v-^ 

[0 04 5l-r=5ri5*). Clco^fcov^T t>, *»aJSA 

ii^^.iz^mmmc^mmmizX'yx^mr^^j: 

'>fzffiX\ ^<r>m^iVXT<r)m3iiXV'mt,Zm-t, ^j: 

•) . Sg««!lia^'>x>'NW$: 1 0 Ofg<0«^<oa8l«ifc: 
r':7x/N«g51 Omm^|^V>Ta«S:ff^:-5Jt. 
[0046] 
[^3] 
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[ 0 0 4 7 ] Jt^f mx'Mmmtmt lt i pa ( o o 4 s i 

ilOOcc^Ltz^^X-hh. [^4] 
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l~ 4 



[0049] tztzL. mx'^immw.mb lx i 

isccm^Ltz^x'hh. 

[00 50] z<r)^3iiXxfmAti^t>hmmx'hh 

tiz. t-r. mi5mf,zmxxm^mLBim\.^h 

mkis^imB m^^ii^'^xfsmzmm-i.tzi^ 

{i(S4No. 1#S8) , ±i2»Ma^®l<0«^i: 
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Zk 

) - 



[0051] ^rfc. ±2EL/wSef(6m«{i:J>< iT't*^ 
CRBS^ii* c: fc^< ■?-o}EHF*it-a-?«iftttiaE*fBI 

[00521 t^£i>%. tzk misssmmm-cii. 

<iffft4§ia:5*^'iiiteo-7 1 1 imm-h-n<r>®m, 

g5«12a. 1 2b<0-^r<:0|fflSr±#S-t4v:i:{cJ:') 



(7) 
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[00 5 3] ^Jt, mi^x.mmmn&di>z':>\^ 
[ 0 0 5 4 ] § ^,<c:, mmmB t Lxisi^wm 

t'tiii LX I P Aim\^tz^i,z-:>\^xn^^Uztfi. 

mJMi.zii\^xmnwLA(r>m:^m^■fhmiit lx 
m^fihhffiX'hfUii. ifi<rmm^mth zt%>-^ 
mx'hh. 

mm. 3 ' ifiwrnmrnB, ^ mthm^n^m 
ifi. tiktif ""tv^j ^ff)i>mm\>'^xssmfmBf: 

hztizx oxmm^mBiommt: x 'o^jf^xK -rs 
zkmmx'hh, 

[0 0 56] ±ieilJ©g®lfcJ:lX2fc:fcl^ 

X. ^j:^\wmm±^fiMzmm&imM.2. 
2' tfi^mmAUfm^tix^^fit/^. zcnmmm 
m.2. 2- m\>ycmii:.mxm:n^£h%iz.ii 

[00571 

mrn^zxtm. ^^^f^mi-xmjmm.^m^'^h 

m^Z.(OXUX-^:c)\9V^)^^^:^:it^zi. y)m- 

i^hzbii^x'^h. ^Lx. :i<r>imxmmmm<n 

[00 58] L,*»t. -^xAitOgfe^a^jS^^^fcf^ 

t,zmkvm):i^mhixt<7ix\ zcrimmm^^zti^ii^m 
mmmh z t . m^i ^mjmzmt£^ 

mm^znLx\iwmmmm^'^\>\ mm^m. 

t-9^-i'<nm.i'jf^£<ni.hztifiX'^. mm. 



m\ ] ^mmh-mmmx'hhm.<mss^ 

m.ifmt'txwmzm^^ti'^mzmhmi 

(a) (ni-imzm-yfzmwmin^Lx^^i. 

[02] x/\ff)mn&}:.mj>!i&t<r)m<i:^L. a 

2(a) \iZ<r>'m'ki^'7:mim\^X%mzm^Ltzn 

ow^iTTctmx'hn . . tfzm2{\>) \m2{i) 
x-mm.f^hm'&mimmmmmxhh. 
[03] :^%mzmws.mMk^i,zi:itm>mff> 

w^uvvi>zi:h-^:tf\<mmws:immwmm3 

(b) iiZjkt. 

wnwm^mi^^L. 04 (a) x)^i.zm^^t 

^rvvKSi&^L. 04(b) {±ffiit^-^;t!^c«HS«:^L-C 
(^?^<OiftBH] 



w 




A 




B 


mmmL 


e 




1 




1 1 


Ulten— 9 


2. 2' 




3, 3' 


mmmmmw. 


31 




4 




4 1 




5. 5' 




6 




7 




S 




9 




1 0 





